Abstract：The delay time and embedding dimension of the rolling bearing vibration time series are different because of different methods. The improved weighted first-order local prediction model (IWFLPM) based on fusion technology is established. The delay time obtained by the mutual information method and the embedding dimension obtained by the Cao method are used to form the parameter pair, and then the parameter pair sequence is constructed. The IWFLPM is used for one-step prediction. Finally, the bootstrap maximum entropy method is used to fuse the prediction result and MATLAB is used to perform all mathematical operations. The experimental results show that the accuracy of the fusion prediction results is significantly better than the IWFLPM, and the optimal delay time and optimal embedding dimension are obtained.
Introduction
In order to prevent catastrophic failures, many systems, such as spacecraft and high-speed trains, have strict requirements for the performance of rolling bearings during service [1] . Rolling element bearing is an important basic part in rotating machinery; its performance has a very important impact on rotating machinery life and reliability.
The mechanism of rolling bearing vibration is very complicated, and there are many influencing factors, including ferrule raceway waviness, rolling element size difference, roughness, surface quality, bearing structure type, assembly clearance, lubrication condition and installation condition etc. [2] . The traditional approach has not given a satisfactory solution to such problems. The prediction method based on chaos theory [3] gives sufficiently high prediction accuracy for such nonlinear time series.
When phase space reconstruction (PSR) is performed on time series, the choice of delay time(DT) and embedding dimension(ED) is especially important, otherwise the required information cannot be fully and effectively extracted. There are two main points about the choice of DT and ED: one thinks that the two are not related to each other, and the other thinks that the two are related. So which method is more accurate or reasonable, there is no accurate and consistent answer. And the IWFLPM [4] is used as a predictive model in chaotic prediction. The accuracy of its prediction depends on the selection of DT and ED parameters.
In this paper, we use the mutual information method (MIM) [5] and Cao method(CM) [6] to obtain the chaotic parameters, construct the parameter pair sequence, and then perform chaotic prediction. Finally, the maximum entropy method (MEM) is used to fuse the prediction results and software edited with MATLAB to to perform numerical calculations.
Modeling
During the service of rolling bearings, the time series of rolling bearing vibration performance can be expressed as
is the tth original data; N is the number of current data.
For a given time series, PSR with DT and ED, and the phase points in the phase space can be expressed as:
represents the probability of the occurrence of the variable i s , then the average information amount of the variable i s of the system is the information entropy of the system, referred to as entropy, and the calculation formula is as follows:
is the joint probability distribution of the variable j i q s , , then the joint entropy is
Therefore, in order to obtain the DT, different DT τ parameters can be taken to sequentially calculate mutual information.
The MI is a function of the delay time, and the magnitude of ( ) τ I represents the deterministic magnitude of the system Q in the case of the known system S, taking the first minimum value of The CM determines the EM by increasing the ED and observing the change in the distance between adjacent points. If the distance between two adjacent points does not change with the increase of the embedding dimension m, then m at the moment is what is sought. When the ED is m, the phase points in the phase space are expressed as
There is one nearest point
Then the Euclidean distance between the two phase points is 
Where (
, n is the total number of parameter pairs.
Then, for each parameter pair, after substituting the IWFLPM, prediction value can be obtained, and the one-step prediction sequence is composed as Repeat this method B times to obtain a one-step prediction bootstrap sample with a sample content of B, which can be expressed as
